I. Introduction
===============

Hospital information systems (HISs) have been adopted for all activities in many hospitals, helping both patients and medical personnel, leading to increased demands of users. Alongside such changes in information technology within the hospital environment, the robust use of smartphones or personal devices has enabled medical information to be more accessible \[[@B1]\]. On the other hand, tasks for patients to complete in the hospital have become more complicated; a patient often needs to meet more than one specialist in various departments for further evaluation and treatment. Securing medical appointments, preparing proper medical documents, paying bills, and taking the required tests or exams are routine yet often burdensome tasks for patients. This sometimes leads to unwanted, excessive time spent in hospitals, thus highlighting the need for a fast, convenient, and accurate guide to help patients efficiently utilize medical resources.

There has been an increasing demand for mobile devices to facilitate access to HIS. They could be used to directly provide quality service related to the pertinent personal medical and non-medical information embedded in the HIS. For this end, the Center for Informatics in Seoul Metropolitan Government--Seoul National University Boramae Medical Center has developed an outpatient guidance system (OGS), an information system for patients through which a patient can check his/her schedule of appointments, information about laboratory/imaging tests, and daily tasks the patient should complete.

II. Methods
===========

1. Work of Scope for the Development of the Patient-Oriented OGS
----------------------------------------------------------------

A mobile (smartphone) application was first developed to (1) check the patient\'s schedule at home, (2) direct a road path to the hospital, and (3) provide a to-do list upon arrival with guidance to the appointed doctor\'s office on time. The application also included a brief survey after payment as reference for future service improvements in the hospital. For those patients without smartphones, information kiosks were utilized to check the schedule and projected patient\'s path on site. Daily ([Table 1](#T1){ref-type="table"}) as well as the total forthcoming tasks ([Table 2](#T2){ref-type="table"}) were defined by analyzing the footprints of outpatients visiting the hospital.

2. Synchronization of the OGS Application and HIS
-------------------------------------------------

The smartphone connects to the server for the OGS to download the patient\'s schedule information and finds its location inside or outside the hospital. The server is located securely in the hospital, and the connection between the smartphone and the OGS server is made through the secure socket layer (SSL) to protect privacy. For those who do not have smartphones, kiosks are available to provide the above information on site. The OGS server retrieves the patient\'s personal information from the HIS, where it is relayed by an HIS-interface server to prevent possible security risks upon direct communication between the HIS and the OGS server ([Figure 1](#F1){ref-type="fig"}).

3. Location Guide
-----------------

To provide a location-guide service, 3D modeling of the hospital was done, which was then converted to a simplified 3D map. The \'outpatient traffic\' was assessed to acquire the path topology on the 3D map, where commonly accessed locations were registered as points of interest (POIs). The 3D map could be browsed by a viewer in both mobile and kiosk versions, and updated in sync with the 3D map information in the server. Bluetooth beacons were installed in the hospital for the real-time path guide of the mobile version. The beacons were installed 10 meters apart; signal was received by smartphones to locate the patient\'s current position by a fingerprint algorithm to find the optimal path towards the destination.

4. Statistics
-------------

The usage statistics were acquired from the number of downloads and the number of active users during a year after the launch of the OGS service. The \'number of active users\' was defined as the number of those who logged in at least once to the OGS mobile application. SPSS ver. 20.0 (IBM, Armonk, NY, USA) was used for statistical analysis.

III. Results
============

1. Functions of the OGS Mobile Application
------------------------------------------

The connection between smartphones and the OGS server is made through SSL to secure privacy, and interface between the OGS server and the HIS server was established to protect sensitive information of registered users. The mobile application provides features to allow detailed information of appointment schedules, directions to and within the hospital, bill preview, and customer feedback ([Figure 2](#F2){ref-type="fig"}). Receiving a Bluetooth beacon signal upon arrival at the hospital, a welcome message pops up, and guidance begins. For those who do not have smartphones, dedicated kiosks provide schedule information and directions, all of which are available to print out.

2. Schedule Information on Medical Service
------------------------------------------

An intuitive user interface was developed to enable patients use the application with ease. Schedules for the day of visit and subsequent visits are highlighted to be easily recognized and displayed. On starting the OGS application, patients are introduced to a menu to select from either the present day or the entire schedule ([Figure 3A](#F3){ref-type="fig"}). [Figure 3B and 3C](#F3){ref-type="fig"} show to-do lists for the present day, and the entire schedule, respectively, as defined in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Schedules for the remaining appointments are grouped separately ([Figure 3B and 3C](#F3){ref-type="fig"}). This list is regularly updated to include tests or evaluations ordered by doctors saved in the HIS server.

3. Location Guide
-----------------

The 3D map can be presented at various angles with panning and zooming ([Figure 3D and 3F](#F3){ref-type="fig"}). POIs are differently colored by categories of medical, administrative and convenience facilities; the application was designed for patients to easily search POIs. When a POI is selected, the optimal path from the current location is displayed taking buildings and floors into account. First, an overview is displayed showing the path to the destination. Then, it changes to a 3D map view that highlights the path after the start icon is pressed. When the patient moves, the smartphone communicates with the Bluetooth beacons, updates the current location, and re-searches a path if needed.

4. Patient Usage of the OGS
---------------------------

To estimate usage of the OGS by outpatients, user statistics of the mobile application and kiosk were analyzed between October 2014 and September 2015. The number of downloads of the OGS mobile application was 14,447 from June 1, 2014, the date of release, until October 3, 2015; roughly a monthly average of 900 downloads. The number of active users was 7,311 by October 2015 ([Figure 4](#F4){ref-type="fig"}). The number of monthly log-ins to the OGS mobile service increased by 105% from 4,011 in October 2014 to 8,242 in September 2015. More than 90% of the usage was to access appointment schedules ([Figure 5](#F5){ref-type="fig"}). In terms of total usage by age, the highest was for patients in their 50s; the percentages per total patients were 11%, 15%, 14%, 9.7%, and 7.0% for patients in their 20s, 30s, 40s, 50s and 60s, respectively ([Figure 6](#F6){ref-type="fig"}). With the opening of the OGS kiosk, the workload and staff numbers in the information desk and kiosk reduced substantially; 50% less (8 to 4) kiosk staff members than a month before the OGS was launched.

IV. Discussion
==============

Our OGS was developed to provide appointment information, direction guidance to and within the hospital, detailed schedule of the day of visit, and medical bill preview, and to obtain user feedback. The number of users has increased significantly since its introduction at our institution. The OGS provides easier access to a patient\'s list of daily or future appointments, resulting in better user experience of medical service. Furthermore, this enabled our medical personnel and staff members to focus on delivering a higher quality of service in our community hospital.

Nowadays medical service is not only judged by medical skills but a range of other factors, including medical expertise, accessibility, and patient service in and out of the hospital \[[@B2]\]. In other words, excellence in cordiality, convenience, and efficiency are recognized as key factors of medical service we now seek. We believe that our OGS meet these requirements for patient care.

Smartphones have been used in diverse applications in medical service. First, they relay medical information for health professionals. Recent studies have reported that 30%--50% of health professionals use medical apps in clinical care \[[@B3][@B4]\]. From the patients\' perspective, smartphones can help increase compliance to medication \[[@B5]\], deliver medical advice from healthcare providers \[[@B6][@B7][@B8]\], support efforts to quit smoking \[[@B9]\], and reinforce diet and exercise \[[@B6][@B7][@B10]\]. A mobile application for inpatients has also been applied in hospitals \[[@B11]\]. A bedside station apparatus developed by our coauthors provides bedside check-in and -out, bedside room service, bedside scheduling, schedule of medical rounds, medical chart, healthcare contents, which all improve the quality of patient care and patient satisfaction while enhancing communication between patients and medical providers \[[@B11]\].

Although access to information often results in privacy issues, our OGS successfully avoids this problem through the adoption of an SSL and the installation of the web-service-based HIS interface server. The OGS ultimately enhances efficiency in managing human resources as well. More studies are needed to bypass concerns regarding the usefulness of medical applications for patients; i.e., its validation, quality assurance, and cost-effectiveness \[[@B12]\]. As for future works, the addition of payment and registration/scheduling features to the OGS mobile application will benefit patients and reduce administrative workloads. Furthermore, the addition of personal health records obtained by the application, followed by two-way system syncing with our HIS is a goal not only for this project, but it may soon be an essential platform for every HIS.

In summary, the successful development and utilization of our OGS has improved the quality of medical service in our hospital by providing accessible, customized information for patients.
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###### Outpatient service processes on the day of appointment
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###### Work processes included in the overall schedule section
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